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(57) ABSTRACT

Embodiments of the invention are directed to a method that
includes forming a dielectric region having a dielectric
region top surface, wherein the dielectric top surface 1s
substantially planar. A first interconnect structure having a
substantially planar interconnect structure top surface with
umintended non-planar regions 1s formed in the dielectric
region. A reinforced planarization process 1s applied that
includes recessing the first interconnect structure top surface
to a level that 1s below the dielectric region top surface and
the unintended non-planar region, thereby removing the
unintended non-planar region and forming a second inter-
connect structure having a second interconnect structure top
surface that 1s substantially planar; forming a protective cap
on the second interconnect structure top surface, wherein the
protective cap has a sustantially planer protective cap top
surface; and recessing the dielectric region top surface to a
level that 1s substantially planar with the protective cap top
surface.

(Continued) 20 Claims, 5 Drawing Sheets
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RECESSED INTERCONNET LINE HAVING A
LOW-OXYGEN CAP FOR FACILITATING A

ROBUST PLANARIZATION PROCESS AND
PROTECTING THE INTERCONNECT LINE
FROM DOWNSTREAM ETCH OPERATIONS

BACKGROUND

The present invention relates 1n general to fabrication
methodologies and resulting structures for semiconductor
devices. More specifically, the present invention 1s related to
a recessed interconnect line having a low-oxygen (or sub-
stantially oxygen-free) cap structure configured and
arranged to facilitate a robust (or remnforced) planarization
process and protect the interconnect line from downstream
ctch operations.

Integrated circuits (ICs) are fabricated 1n a series of
stages, including a {front-end-of-line (FEOL) stage, a
middle-of-line (MOL) stage and a back-end-ot-line (BEOL)
stage. The process flows for fabricating modern ICs are
often 1dentified based on whether the process tlows fall 1in
the FEOL stage, the MOL stage, or the BEOL stage.
Generally, the FEOL stage 1s where device elements (e.g.,
transistors, capacitors, resistors, etc.) are patterned in the
semiconductor substrate/water. The FEOL stage processes
include water preparation, 1solation, gate patterning, and the
formation of wells, source/drain (S/D) regions, extension
junctions, silicide regions, and liners. The MOL stage typi-
cally includes process flows for forming the contacts (e.g.,
CA) and other structures that commumnicatively couple to
active regions (e.g., gate, source, and drain) of the device
clement. For example, the silicidation of S/D regions, as
well as the deposition of metal contacts, can occur during the
MOVL stage to connect the elements patterned during the
FEOL stage. Networks of interconnect structures (e.g., con-
ductive lines/wires and vias) are formed above these logical

and functional layers during the BEOL stage to complete the
IC.

SUMMARY

Embodiments of the invention are directed to a method of
forming an interconnect structure 1n a metallization layer of
a multi-layered integrated circuit. In a non-limiting example,
the method includes forming a dielectric region having a
dielectric region top surface, wherein the dielectric top
surface 1s substantially planar. A first interconnect structure
1s formed 1n the dielectric region, wherein the first intercon-
nect structure includes a first interconnect structure top
surface, wherein the first interconnect structure top surface
includes an unintended non-planar region. A reinforced
planarization process 1s applied to the dielectric region,
wherein the reinforced planarization process 1ncludes
recessing the first interconnect structure top surface to a
level that 1s below the dielectric region top surface and the
unintended non-planar region, thereby removing the unin-
tended non-planar region and forming a second 1nterconnect
structure having a second interconnect structure top surface
that 1s substantially planar; forming a protective cap on the
second interconnect structure top surface, wherein the pro-
tective cap has a protective cap top surface, wherein the
protective cap top suriace 1s substantially planar; and recess-
ing the dielectric region top surface to a level that is
substantially planar with the protective cap top surface.

Embodiments of the invention are directed to a method of
forming an interconnect structure 1n a metallization layer of
a multi-layered integrated circuit. In a non-limiting example,
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2

the method includes forming a dielectric region having a
dielectric region top surface, wherein the dielectric top

surface 1s substantially planar. A first interconnect structure
1s formed 1n the dielectric region, wherein the first intercon-
nect structure includes a first liner and a first interconnect
body, wherein the first interconnect body includes a first
interconnect body top surface, wherein the first interconnect
body top surface includes an unintended non-planar region.
A reinforced planarization process 1s applied that includes
recessing the first interconnect body top surface to a level
that 1s below the dielectric region top surface and the
unintended non-planar region, thereby removing the unin-
tended non-planar region and forming a second 1nterconnect
body having a second interconnect body top surface,
wherein the second interconnect body top surface 1s sub-
stantially planar; forming a protective cap on the second
interconnect body top surface, wherein the protective cap
has a protective cap top surface, wherein the protective cap
top surface 1s substantially planar; recessing a top surface of
the first liner to a level that 1s substantially planar with the
protective cap top surface; and recessing the dielectric
region top surface to a level that 1s substantially planar with
the protective cap top surface.

Embodiments of the mvention are directed to a metalli-
zation layer of a multi-layered integrated circuit. In a non-
limiting example, the metallization layer includes a dielec-
tric region having a dielectric region top surface, wherein the
dielectric top surface 1s substantially planar. An interconnect
structure 1s 1n the dielectric region, wherein the interconnect
structure includes an interconnect structure top surface,
wherein the iterconnect structure top surface 1s substan-
tially planar. A protective cap 1s on the interconnect structure
top surface, wherein the protective cap has a protective cap
top surface, wherein the protective cap top surface 1s sub-
stantially planar. The dielectric region top surface 1s sub-
stantially planar with the protective cap top surtace.

Additional features and advantages are realized through
the techmiques described herein. Other embodiments and
aspects are described 1n detail herein. For a better under-
standing, refer to the description and to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter which 1s regarded as the present
invention 1s particularly pointed out and distinctly claimed
in the claims at the conclusion of the specification. The
foregoing and other features and advantages are apparent
from the following detailed description taken 1n conjunction
with the accompanying drawings 1n which:

FIGS. 1-13 depict the results of fabrication operations for
forming post-CMP recessed interconnect elements having
low-oxygen (or substantially oxygen-ifree) cap structures
configured and arranged to protect the interconnect elements
from downstream etch operations i accordance with aspects
of the invention, in which:

FIG. 1 depicts a cross-sectional view of a representative
section of an IC after fabrication operations according to
embodiments of the invention;

FIG. 2 depicts a cross-sectional view of a representative
section of an IC after fabrication operations according to
embodiments of the invention;

FIG. 3 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;

FIG. 4 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;
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FIG. 5§ depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to

embodiments of the invention;

FIG. 6 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;

FIG. 7 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;

FIG. 8 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;

FIG. 9 depicts a cross-sectional view of the representative
section of the IC after fabrication operations according to
embodiments of the invention;

FIG. 10 depicts a cross-sectional view of the representa-
tive section of the IC after fabrication operations according,
to embodiments of the invention;

FIG. 11 depicts a cross-sectional view of the representa-
tive section of the IC after fabrication operations according,
to embodiments of the invention;

FIG. 12 depicts a cross-sectional view of the representa-
tive section of the IC after fabrication operations according,
to embodiments of the invention; and

FIG. 13 depicts a cross-sectional view of the representa-
tive section of the IC after fabrication operations according
to embodiments of the invention.

In the accompanying figures and following detailed
description of the embodiments, the various elements 1llus-
trated 1n the figures are provided with three or four digit
reference numbers. The leftmost digit(s) of each reference
number corresponds to the figure 1n which 1ts element 1s first
illustrated.

DETAILED DESCRIPTION

It 1s understood 1n advance that, although this description
includes a detailed description of the formation and resulting
structures for a specific type of interconnect stack, imple-
mentation of the teachings recited herein are not limited to
a particular type of interconnect stack or IC architecture.

Rather, embodiments of the present invention are capable of
being implemented in conjunction with any other type of

interconnect stack or 1C architecture, now known or later
developed.

For the sake of brevity, conventional techniques related to
semiconductor device and integrated circuit (IC) fabrication
may or may not be described in detail herein. Moreover, the
various tasks and process steps described herein can be
incorporated mto a more comprehensive procedure or pro-
cess having additional steps or functionality not described 1n
detail herein. In particular, various steps 1n the manufacture
of semiconductor devices and semiconductor-based ICs are
well known and so, 1n the interest of brevity, many conven-
tional steps will only be mentioned brietly herein or will be
omitted entirely without providing the well-known process
details.

Turning now to a description of technologies that are
more specifically relevant to the present invention, semi-
conductor devices are used in a variety of electronic and
clectro-optical applications. ICs are typically formed from
various circuit configurations of semiconductor devices
(e.g., transistors, capacitors, resistors, etc.) and conductive
interconnect layers (known as metallization layers) formed
on semiconductor walers. Alternatively, semiconductor
devices can be formed as monolithic devices, e.g., discrete
devices. Semiconductor devices and conductive intercon-
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nect layers are formed on semiconductor wafers by depos-
iting many types of thin films of material over the semicon-
ductor waters, patterning the thin films, doping selective
regions of the semiconductor waters, etc.

In contemporary semiconductor fabrication processes, a
large number of semiconductor devices and conductive
interconnect layers are fabricated. More specifically, during
the first portion of chip-making (i.e., the FEOL stage), the
individual components (transistors, capacitors, etc.) are fab-
ricated on the water. The MOL stage follows the FEOL stage
and typically includes process tflows for forming the contacts
and other structures that communicatively couple to active
regions (e.g., gate, source, and drain) of the device element.
For example, the silicidation of S/D regions, as well as the
deposition of metal contacts, can occur during the MOL
stage to connect the individual components fabricated dur-
ing the FEOL stage. In the BEOL stage, these components
are connected to each other to distribute signals, as well as
power and ground. The conductive mterconnect layers serve
as a network of pathways that transport signals throughout
an IC, thereby connecting circuit components of the IC into
a Tunctioning whole and to the outside world. Because there
typically 1s not enough room on the chip surface to create all
of the necessary connections 1n a single layer, chip manu-
facturers build vertical levels of interconnects. While sim-
pler ICs can have just a few metal layers, complex ICs can
have ten or more layers of wiring.

Interconnects close to the transistors need to be small
because they attach/join to the components that are them-
selves very small and often closely packed together. These
lower-level lines, which can be referred to as local inter-
connects, are usually thin and short 1n length. Global nter-
connects are higher up 1n the structure and travel between
different blocks of the circuit. Thus, global interconnects are
typically thick, long, and widely separated. Connections
between interconnect levels, called vias, allow signals and
power to be transmitted from one layer to the next. For
example, a through-silicon via (TSV) 1s a conductive contact
that passes completely through a given semiconductor water
or die. In multilevel IC configurations, for example, a TSV
can be used to form vertical interconnections between a
semiconductor device located on one level of the IC and an
interconnect layer located on another level of the IC. These
vertical interconnect structures include an appropriate metal
and provide the electrical connection of the various stacked
metallization layers.

Furthermore, i order to actually connect the circuit
clements formed 1n the semiconductor maternial with the
metallization layers, an approprate vertical contact structure
1s provided, a first end of which 1s connected to a respective
contact region of a circuit element, such as a gate electrode
and/or the drain and source regions of transistors, and a
second end that 1s connected to a respective metal line 1n the
metallization layer by a conductive via. In some applica-
tions, the second end of the contact structure can be con-
nected to a contact region of a further semiconductor-based
circuit element, 1n which case the interconnect structure in
the contact level 1s also referred to as a local interconnect.
The contact structure can include contact elements or con-
tact plugs having a generally square-like or round shape that
are formed 1n an mterlayer dielectric (ILD) maternial, which

in turn encloses and passivates the circuit elements.

As the critical dimensions of the circuit elements 1n the
device level of ICs have decreased, the dimensions of the
various interconnect structures (e.g., metal lines/wires, vias,
contact elements, and the like) have also decreased. In some
cases, the increased packing density mandates the use of




US 10,332,946 B1

S

sophisticated metal-containing materials 1n order to improve
reliability and provide a sufliciently high conductivity of the
individual metal lines and vias. For example, to achieve a
desired level of reliability 1n complex metallization systems,
interconnect structures can be formed from a metal (e.g.,
copper, cobalt, and the like) 1n combination with a liner/
barrier layer(s) and cap layers i order to achieve the
required electrical performance and to minimize electro-
migration and/or surface migration failure mechanisms. The
liner/barrier layer(s) and cap layers surround the particular
interconnect structure (e.g., line, contact, and/or via) and
serves multiple functions. For example, the liner/barrier/cap
can function as a barrier to prevent metals 1n the interconnect
structure from migrating into the surrounding ILLD 1n which
the interconnect structures are formed. Additionally, the
liner/barrier/cap can provide adhesion between the metal
interconnect structure and the surrounding ILD. Addition-
ally, the liner/barnier/cap can improve reliability by stabi-
lizing the interconnect structure to reduce the likelihood of
clectro-migration and/or surface migration failure mecha-
nisms 1n the interconnect structure.

Interconnect structures are often formed 1n a stack. For
example, a transistor can have a gate contact (also referred
to as a CB contact) and S/D contacts (also referred to as CA
contacts). The gate contact can extend vertically through the
ILD material of the IC from a metal wire (1.e., an intercon-
nect line) or via i the first BEOL to an initial metal level
(referred to as the MO level) to the gate of the transistor. The
S/D contacts can extend vertically through the ILD material
from metal wires (1.e., interconnect structures) or vias 1n the
BEOL metal level to metal plugs (also referred to as trench
silicide (TS) contacts), which are on the S/D regions of the
transistor. A conventional copper interconnect stack fabri-
cation process starts with the deposition of an ILD insulating
matenial (e.g., S10,) over the transistor followed by the
creation of trenches in the ILD insulating material. The
trenches are positioned over the portion of the transistor
(source, gate, drain) to which electrical coupling will be
made. A liner/barrier material 1s deposited within the trench,
and the remaining trench volume 1s filled with a conductive
matenial (e.g., copper, cobalt, and the like) using, for
example, a chemical/electroplating process, to thereby form
the relevant portion of the interconnect structure stack (e.g.,
an 1interconnect line, a via, a metal plug, a contact, etc.). The
excess conductive material (1.e., the overburden) 1s removed
and planarized to form a flat surface for subsequent pro-
cessing. A cap layer 1s deposited over the exposed top
surface of the relevant portion of the interconnect stack. This
process 1s repeated until all portions of the interconnect
structure stack have been formed.

Because there are many layers 1n an IC wafer, each layer
must be planar so that non-uniformities do not propagate
throughout the layering process. Chemical mechanical pla-
narization (CMP) 1s process that can be used to remove the
overburden produced by the previously-described electro-
plating process and create flat IC wafer processing surfaces.
A known CMP processes involves pouring a mixture of
chemicals and abrasives, which 1s known as CMP slurry, on
a spinming disc of special sandpaper-like material and pol-
ishing the walfer surface. The CMP slurry can include
chelating agents, oxidizers, corrosion inhibitors, buflers,
surfactants, and abrasives.

At the nanometer dimensions of current IC wafers,
achieving uniformly flat water surfaces using known CMP
processes 1s a challenge. For example, the different films that
make up the 1C water surface have different hardness, which
means that they polish away at different rates. This could
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lead to “dishing” where the softer materials are recessed
below the level of the harder materials, which cause an
undesired and unintended recess profile (e.g., voids) to be
present 1n the metallization layers and vias post-CMP. The
undesired and unintended recess profile can also result from
various processing conditions such as exposure of the met-
allization layers and vias to acidic chemistries of CMP
slurry, as well as other known processing conditions, all of
which can result 1n reduced yield, performance, and quality
in ICs.

Forming metallization layers and vias from cobalt has
advantages over copper when IC/transistor dimensions
shrink to about a 10 nm node. These advantaged include, but
are not limited to, lower resistivity and improved electro-
migration performance. However, cobalt 1s even more sen-
sitive than copper to the previously-described processing
conditions that can lead to unintended and undesirable
recess profiles (or voids) in the interconnect structures of the
metallization layers and vias.

Turning now to an overview of aspects of the invention,
embodiments of the invention address the problem of unin-
tended and undesirable recess profiles in metallization layers
and vias by providing interconnect elements of the metalli-
zation and via network with a low-oxygen (or substantially
oxygen-iree) protective cap structure configured to facilitate
a robust (or reinforced) planarization process. In accordance
with aspects of the invention, the protective cap structure 1s
also configured to protect the interconnect element from
downstream etch operations.

In aspects of the mvention, the robust planarization pro-
cess can be implementing selectively to reinforce a conven-
tional planarization operation that has been performed while
fabricating a BEOL interconnect element. Fabrication of the
BEOL interconnect structure can include using a dual dama-
scene process in which mterconnect trenches are etched 1n a
dielectric layer of the IC waler and simultaneously over-
filled with metal. A first CMP operation 1s used to polish
down an overburden of the deposited metal 1n an attempt to
planarize interconnect structure. After the first CMP, an
undesired and unintended recess profile (or void) 1s present
in one or more of the interconnect structures. These voids
result from various processing conditions such as exposure
of the interconnect structure’s metal to acidic chemistries of
the CMP slurry, as well as other known processing condi-
tions.

In aspects of the mvention, the robust planarization pro-
cess begins by recessing a top surface of the interconnect
structure below of a top surface of the dielectric layer of the
IC water, thereby removing the voids caused by the first
CMP and forming another trench the dielectric layer and
above the interconnect element. A low-oxygen protective
cap structure 1s formed within the trench and on the exposed
top surface of the recessed interconnect element. In accor-
dance with aspects of the mvention, the low-oxygen pro-
tective cap structure can be formed from a metal nitride
(e.g., TaN) or a dielectric (e.g., SIN, S1CN, and variants
thereof). In accordance with aspects of the invention, the
low-oxygen protective cap structure has an oxygen content
that ranges from zero atomic percent (at %) oxygen to about
1.0 at % oxygen. Keeping the oxygen content of the pro-
tective cap structure within this range prevents the cap
structure from having enough oxygen content to cause
meaningiul corrosion and/or diffusion of oxygen into the
underlying interconnect element, particularly when the
interconnect element i1s formed from cobalt. Oxygen that
diffuses into cobalt can lead to reliability failures such as
clectro-migration. Additionally, 1f a Co-oxide material forms
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as a result of the diffusion, the Co-oxide can lead to an
“etch-out” condition at downstream processing where a
WETs process 1s used. As previously noted herein, forming
the mterconnect element from cobalt has advantages (e.g.,
lower resistivity, improved electro-migration performance)
over copper when IC dimensions have been reduced to about
a 10 nm node.

The robust planarization process continues by overdfilling
the above-described trenches with a fill material (e.g., an
oxide such as S10,). A post-recess second CMP 1s applied to
the overburden of the fill material, stopping substantially on
the low-oxygen cap structure, thereby planarizing the struc-
ture. In accordance with aspects of the invention, the post-
recess second CMP uses a selective CMP slurry configured
and arrange to selectivity planarize the fill material at a faster
rate than the protective cap structure, thereby stopping (or
significantly slowing down) the post-recess CMP of the
robust planarization process when the post-recess second
CMP reaches the low-oxygen protective cap structure. Thus,
in accordance with aspects of the invention, the protective
cap layer 1s low-oxygen (or 1s substantially oxygen-iree)
and/or 1s less selective to the post-recess CMP slurry than
the fill material. In some aspects of the invention, CMP
slurry selectivity 1s provided by forming the fill material
from an oxide and forming the protective cap structure from
a nitride (e.g., a metal nitride or a nitride dielectric). In
accordance with aspects of the invention, nitride films of the
{11l matenal act as a diffusion barrier layer for cobalt and as
an etch stop layer for Mx+1 integration, where via’s etch
selectivity stops on the mitride film. In some aspects of the
invention, the fill material 1s S10,, and the protective cap
structure 1s SiN, S1CN, or vanants thereof. In some aspects
of the invention, the fill material 1s S10.,, and the protective
cap structure 1s a metal nitride (e.g., TaN). After the post-
recess second CMP i1s completed, a top surface of the
low-oxygen protective cap structure 1s substantially planar
with a top surface of the IC dielectric layer in which the
interconnect element 1s formed.

In accordance with aspects of the invention, the low-
oxygen protective cap structure also protects the intercon-
nect element from downstream etch operations, specifically
the etch operations that are used to form contacts to the
interconnect element. After the robust planarization opera-
tions are completed, an additional cap layer 1s deposited over
the IC water (including the low-oxygen protective cap
structure), and additional ILD layers are deposited on the
additional cap layer. A contact trench 1s etched in the
additional ILD and the additional cap layer, stopping on the
top surface ol the protective cap structure. Without the
presence of the protective cap structure, the etch chemaistries
used to form the contact trenches would be suboptimal
because the etch chemistries would have need have the
additional characteristic of not damaging the interconnect
clement, particularly when the interconnect element 1is
cobalt. However, the protective cap structure provided in
accordance with aspects of the invention prevents the con-
tact trench etchants from contacting the interconnect ele-
ment. Thus, the contact trench etchants can be optimized for
their intended purpose (forming the contact trenches) with-
out the need to take into consideration the negative impact
that the selected contact trench etchants will have on the
interconnect structure.

In accordance with aspects of the invention, a contact
liner/barrier 1s deposited 1n the contact trench, and a bottom
portion of the liner/barrier contacts the protective cap struc-
ture. A contact structure 1s formed 1n the contact trench and
over the liner/barrier. If the protective cap structure i1s a

"y

10

15

20

25

30

35

40

45

50

55

60

65

8

metal nitride (e.g., TaN), a conductive path between the
interconnect structure and the contact structure 1s established
by the contact structure contacting the portion of the pro-
tective cap structure that 1s over and on the top surface of the
interconnect structure. If the protective cap structure 1s a
dielectric (e.g., S1N, SiCN, and varnants thereof), a conduc-
tion path between the interconnect element and the contact
structure can be established by a so-called “via-pungh-
through™ technique that, in effect, gouges the contact struc-
ture (including the liner/barrier) through the dielectric pro-
tective cap structure such that the contact structure makes
direct contact with the interconnect element. One type of
gouging technique can be a wet clean etch of cobalt using
acidic solutions like a dilute (1000:1 H,O:HF) hydrofluoric
acid. Another type of gouging technique includes the use of
argon plasma sputtering from a metal deposition chamber.

Turning now to a more detailed description of aspects of
the present invention, FIGS. 1-13 depict multi-layered IC
structures 100 (shown 1 FIGS. 1-12) and a multi-layered
structure 100A (shown 1n FIG. 13) after fabrication opera-
tions 1n accordance with aspects of the invention for forming
a recessed 1nterconnect line having a low-oxygen (or sub-
stantially oxygen-iree) cap structure configured and
arranged to facilitate a robust (or remnforced) planarization
process and protect the interconnect line from downstream
etch operations. The multi-layered IC waters 100, 100A are
depicted 1n two-dimensions (2D) extending along the y-axis
and the x-axis. However, 1t 1s understood that the multi-
layered ICs 100, 100A are each a three-dimensional struc-
ture that also extends along the z-axis. Accordingly, any
descriptions provided herein with reference to dimensions of
the multi-layered IC waters 100, 100A that extend along the
x-axis and the y-axis also include the corresponding dimen-
sion(s) that extends along the z-axis. The specifics of the
dimension(s) that extends along the z-axis will depend on
the specific type of feature. For example, the specific z-axis

dimensions of the interconnect structures 118A, 118B,
124C, 124D (e.g., shown 1n FIG. 2) will depend on whether

the interconnect structures 118A., 118B, 124C, 124D are
implemented as lines, wires, vias, and the like.

In FIG. 1, known fabrication operations have been used to
form the multi-layered IC water 100. A variety of well-
known fabrication operations are suitable for forming the
multi-layered IC water 100 to the fabrication stage shown in
FIG. 1. Accordingly, 1n the interest of brevity, such well-
known fabrication operations are either omitted or described
and 1illustrated at a high level. As shown 1n FIG. 1, known
fabrication operations have been used to form a substrate
102 having MOL & FEOL structures 101 formed therein or
thereon. Fabrication operations such as waler preparation,
isolation, and gate patterning have been used to form the
FEOL structures, which can include structures such as wells,
S/D regions, extension junctions, silicide regions, liners, and
the like. The MOL structures include contacts and other
structures that couple to the active regions (e.g., gate/source/
drain) of the FEOL structures.

Reterring still to FI1G. 1, the BEOL interconnect structures
110 can be formed using a dual damascene process 1n which
openings/trenches are etched 1n a dielectric layer (e.g., ILD
112 and/or ILD 120) and filled with metal to create metal-
lization levels (e.g., interconnect elements 118A, 118B,
124C, 124D (shown 1n FIG. 3)) of the BEOL interconnect
structures 110. More specifically, known fabrication opera-
tions have been used to form networks of liners/barriers
116 A, 116B and interconnect structures 118A, 118B (e.g.,
conductive lines, conductive wires, vias, and the like) 1 a
low-k ILD layer/region 112 as part of the BEOL structures




US 10,332,946 B1

9

110 formed during initial portions of the BEOL fabrication
stage. The interconnect structure 118A 1s an example of a
relatively narrow interconnect structure, and interconnect
structure 118B 1s an example of a relatively wide intercon-
nect structure. In aspects of the invention, the interconnect
structures 118A, 118B can be a conductive metal such as
copper, cobalt, and the like. In aspects of the mnvention, the
ILD region 112 (or the ILD region 120) can be formed from
a low-k dielectric (e.g., k less than about 4), an ultra-low-k
(ULK) dielectric (e.g., k less than about 2.5), tetracthoxysi-
lane (TEOS), black diamond III (BDIII), and the like. A cap
layer 114 (e.g., SiN) has been deposited over the ILD 112,
the interconnect structures 118 A, 118B, and top surfaces of
the liners/barriers 116 A, 116B. A low-k ILD region 120 has
been deposited over the cap 114. Interconnect trenches (not
shown) have been formed 1n the ILD 120 and the cap 114
then filled with a liner/barnier layer 122 and a conductive
metal 124 (e.g., copper, cobalt, and the like) having an
overburden region above the interconnect trenches. In
aspects of the invention, the etch/liner 122 can be receded by
0-5 nm 1nto the ILD 112 for contacts that overlap with the
112 ILD but not with the metals 116A, 118A.

The liners/barriers 116 A, 116B (e.g., TiN or TaN plus an
adhesion layer), the cap 114A, and portions of the liner/
barrier 122 serve multiple functions. More specifically, the
liners/barriers 116A, 116B function as barriers to prevent
metals 1in the interconnect structures 118A, 118B from
migrating into the ILD region 112. Additionally, the liners/
barriers 116A, 116B can provide adhesion between the
interconnect structures 118A, 118B and the ILD region 112.
Additionally, the liners/barriers 116 A, 116B, the cap layer
114, and portions of the liner/barrier layer 122 improve
reliability by stabilizing the interconnect structures 118A,
118B to reduce the likelihood of electro-migration and/or
surface migration failure mechamisms at the surfaces of the
interconnect structures 118A, 118B.

In FIG. 2, a first CMP operation has been applied to the
conductive metal 124 (shown 1 FIG. 1) to remove the
overburden of the conductive metal 124 and portions of the
liner/barrier layer 122 in an attempt to planarize the multi-
layered IC 100, thereby forming liners/barriers 122A, 122B
and 1nitial versions of the interconnect structures 124A,
124B. However, even after the application of the first CMP,
which 1s intended to make top surfaces of the interconnect
structure 124 A, 124B substantially planar with a front face
of the IC water 100 (and more specifically, the ILD 120),
unintended and undesired non-uniform or non-planar
regions (referred to herein as “voids™) 202A, 202B can be
present on and in the top surfaces of the interconnect
structures 124A, 124B. The voids 202A, 2028 can disrupt
clectrical connections, thus reducing yield, performance and
quality of the IC water 100. The voids 202A, 202B can
result from various processing conditions such as exposure
of the conductive metal 124 (shown 1n FIG. 1) to acidic
chemistries, the first CMP operations, and other known
processing conditions, all of which can result 1n reduced
yield, performance, and quality. In embodiments of the
invention where the conductive metal 124 1s cobalt, a cobalt
implementation of the conductive metal 124 1s even more
sensitive (e.g., 1 comparison to copper) to the above-
described processing conditions that lead to voids 202A,
202B 1n the interconnect structures 124A, 124B.

A robust planarization process in accordance with aspects
of the mvention can be implemented as depicted in FIGS.
3-6. As shown 1n FIG. 3, the robust planarization process
includes using known fabrication operations to recess the
interconnect structures 124A, 124B (shown 1n FIG. 2) to a
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level that 1s below the voids 202A, 202B (shown 1n FIG. 2),
thereby removing the voids 202A, 202B and forming the
recessed interconnect structures 124C, 124D and trenches
302A, 302B. In accordance with embodiments of the inven-
tion, the damaged interconnect structures 124A, 124B can
be etched using a chemical etch selective to the metal used
to form the recessed interconnect structures 124C, 124D.
The metal-selective etch chemicals can be gaseous or wet
solutions that are well known to those of ordinary skill 1n the
art.

In FIG. 4, the robust planarization process further
includes using known fabrication operations (e.g., ALD) to
conformally deposit a low-oxygen (or substantially oxygen-
free) protective layer 402 over the multi-layered 1C 100. The

low-oxygen protective layer 402 extends into the trenches
302A, 302B to define a step height (hl) in the trenches 302 A,
302B. In embodiments of the nvention, the low-oxygen
protective layer 402 can be formed from a metal nitride (e.g.,
TalN) or a dielectric (e.g., SIN, S1CN, and variants thereot).
In accordance with aspects of the invention, the low-oxygen
(or substantially oxygen-iree) protective layer 402 has an
oxygen content that ranges from zero atomic percent (at %)
oxygen to no more than about 1.0 at % oxygen 1n order to
prevent the oxygen content (if any) of the protective layer
402 from corroding and/or diffusing the underlying recessed
interconnect structures 124C, 124D, particularly when the
recessed interconnect structures 124C, 124C are formed
from cobalt 1n accordance with aspects of the invention.
Forming the recessed interconnect structures 124C, 124D
from cobalt has advantages (e.g., lower resistivity, improved
clectro-migration performance) over copper when dimen-
sions of the IC water 100 are at about a 10 nm node.

In FIG. 5, the robust planarization process further
includes using known fabrication operations to deposit a
sacrificial dielectric (e.g., an oxide such as S10,) region 502
over the multi-layered 1C 100. The dielectric region 502
extends 1nto and above the trenches 302A, 3028 (shown 1n
FIGS. 3 and 4). The portion of the region 502 that extends
above the trenches 302A, 302B defines an overburden of the
dielectric region 502.

The robust planarization process further includes using
known fabrication operations to perform a post-recess sec-
ond selective-CMP operation on the IC water 100 shown 1n
FIG. 5 to remove the overburden of the dielectric region 502,
portions of the low-oxygen protective layer 402, portions of
the liners/barriers 122A, 1228, and portions of the ILD 120.
FIG. 6 depicts the results of the post-recess second selective-
CMP applied to the IC water 100 show 1n FIG. 5. Referring
now to elements shown in FIG. 5 and FIG. 6, 1n accordance
with aspects of the invention, the post-recess second selec-
tive-CMP uses a selective CMP slurry configured and
arrange to selectivity planarize the dielectric region 502 at a
faster rate than the low-oxygen protective cap layer 402,
thereby stopping (or significantly slowing down) the selec-
tive-CMP of the robust planarization process when the
selective-CMP reaches any portion of the low-oxygen pro-
tective cap layer 402. Thus, 1n accordance with aspects of
the invention, the protective cap layer 402 1s low-oxygen (or
1s substantially oxygen-iree) and/or 1s less selective to the
selective-CMP slurry than the dielectric region 502. In some
aspects of the ivention, the dielectric region 502 15 S10,,
and the low-oxygen protective cap layer 402 can be a nitride
dielectric such as SiN, SiCN, or variants thereof. In some
aspects of the ivention, the dielectric region 502 1s S10,,
and the low-oxygen protective cap layer 402 can be a metal

nitride (e.g., TaN).
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In an 1nitial stage, the selective-CMP and selective CMP
slurry are used to perform a bulk removal of the overburden
of the dielectric region 502, stopping substantially on upper
portions of the low-oxygen protective cap layer 402. A wet
ctch 1s applied to remove the upper portions of the low-
oxygen protective cap layer 402. The wet etch 1s selective to
cither a metal nitride (e.g., TaN) or a nitride dielectric (e.g.,
S1N, S1CN, and variants thereol) depending on whether the
low-oxygen protective cap layer 402 1s a metal nitride or a
dielectric nitride. The selective-CMP and selective CMP
slurry are used a second time to remove the remaining
portions of the dielectric region 502 (as well as top portions
of the ILD 120 and the liners/barriers 122A, 122B), stopping
substantially on lower portions of the low-oxygen protective
cap layer 402 that are above the recessed interconnect
clements 124C, 124D, respectively, thereby forming the
low-oxygen protective caps 402A, 402B and planarizing the
multi-layered IC 100 shown 1n FIG. 6. After the post-recess
second selective-CMP of the robust planarization process
has been completed, top surfaces of the low-oxygen protec-
tive caps 402A, 4028 are each substantially planar with a
top surface of the ILD 120 (as shown in FIG. 6) 1n which the
liners/barriers 122A, 122B and the interconnect elements
124C, 124D have been formed.

In FIG. 7, known fabrication operations have been used to
deposit an additional cap layer 702 1s deposited over the
multi-layer 1C water 100 (including the low-oxygen protec-
tive caps 402A, 402B). In embodiments of the invention, the
additional cap layer 702 can be SiN.

In FIG. 8, known fabrication operations have been used to
form an additional ILD region 802 on the additional cap
layer 702. In embodiments of the invention, the additional
ILD region 802 can be a dielectric formed from any of the
materials from which the ILD regions 112, 120 are formed.
In embodiments of the invention, the ILD region 802 can be
formed from the same for different material than the ILD
regions 112, 120. In some embodiments of the invention, the
ILD 802 can be formed from a variety of low-k dielectric
materials, including, but not limited to, S1IBCN, Si0OCN,
S1CN, and SiN.

In FIG. 9, known fabrication operations have been used to
deposit a hard mask layer 902 on the ILD region 802, and
know fabrication operations have been used to deposit and
pattern an organic planarization layer (OPL) 904 on the hard
mask layer 902. In general, OPLs are used to fill pre-existing
features, and to planarize substrates to allow for larger
patterning process windows. The patterned OPL 904 defines
trenches 1002A, 1002B (shown in FIG. 10). The trenches
1002A, 1002B define portions of a contact trench 1102
(shown 1n FIG. 11).

In FIG. 10, known fabrication operations have been used
to etch through the portions of the hard mask 902, the ILD
802, and the additional cap 702 that are not covered by the
patterned OPL 904 (shown in FIG. 9), thereby forming the
trenches 1002A, 1002B.

In FIG. 11, known fabrication operations have been used
to further recess a central region of ILD 802, thereby
forming a contact trench 1102. Without the presence of the
low-oxygen protective caps 402A, 4028, the etch chemis-
tries used to remove the portions of the hard mask 902, the
ILD 802, and the additional cap 702 that are not covered by
the patterned OPL 904 (shown 1n FIG. 9) would be subop-
timal because the etch chemistries would need to be etchants
that do not damage the non-recessed mterconnect structures
124A, 124B (shown i FIG. 2), particularly when the
interconnect structures 124 A, 124B are cobalt. However, the
protective cap structures 402A, 402B prevent the contact
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trench etchants from contacting the recessed interconnect
structures 124C, 124D. Thus, the contact trench etchants can
be optimized for their intended purpose (forming the
trenches 1002A, 1002B) without the need to take into
consideration the impact that the contact trench etchants will
have on the interconnect structures 124C, 124D.

In FIG. 12, known fabrication operations have been used
to deposit a liner/barrier 1202A and a contact 1204 A 1n the
contact trench 1102 (shown 1n FIG. 11). In accordance with
aspects ol the invention, the contact liner/barrier 1202A 1s
deposited 1n the contact trench 1102 such that a bottom
portion of the liner/barrier 1202 A contacts the protective cap
structures 124C, 124D. The contact structure 1204A 1s
formed 1n the contact trench 1102 and over the liner/barrier
1202A. In accordance with aspects of the invention, the
contact structure 1204 A can be formed by depositing a metal
film/layer (e.g., a tungsten (W) film) (not shown) that fills
the contact trench 1102 and extends vertically beyond a
surface of the ILD region 802 forming an overburden (e.g.,
a growth of a portion of the metal film beyond/above the top
surface of the ILD region 802). The overburden 1s removed
and the processing surface of the IC water 100 1s planarized
using, for example, another CMP operation. For the 1C water
100 shown i FIG. 12, the low-oxygen protective cap
structures 402A, 402B are a metal nitride (e.g., TaN), and a
conduction path between the recessed interconnect struc-
tures 124C, 124C and the contact 1204 A 1s established by
the contact 1204 A contacting the portions of the low-oxygen
protective cap structures 402A, 402B that are over and on
the top surfaces of the recessed interconnect structures
124C, 124D.

FIG. 13 depicts a cross-sectional view of an IC waler
100A. The IC water 100A 1s 1dentical to the IC wafer 100
shown 1 FIG. 12 except that i the IC wafer 100A the
low-oxygen protective cap structures 402A, 402B are a
dielectric (e.g., SIN, S1CN, and vanants thereof), and a
conduction path between the recessed interconnect struc-
tures 124C, 124D and the contact 1204 A can be established
by using a so-called “via-punch-through” technique to, in
ellect, gouge a liner/barrier 1202B and a contact 1204B
through the dielectric low-oxygen protective cap structure
402A, 402B such that the contact 1204B makes direct
contact with the recessed interconnect structures 124C,
124D. One type of known gouging technique includes
applying a wet clean etch of cobalt using acidic solutions
like a diluted (1000:1 H,O:HF) hydrofluoric acid. Another
type of known gouging technique relies on argon plasma
sputtering from a metal deposition chamber.

The methods and resulting structures described herein can
be used 1n the fabrication of IC chips. The resulting IC chips
can be distributed by the fabricator 1n raw water form (that
1s, as a single water that has multiple unpackaged chips), as
a bare die, or 1n a packaged form. In the latter case the chip
1s mounted 1n a single chip package (such as a plastic carrier,
with leads that are aflixed to a motherboard or other higher
level carrier) or 1n a multichip package (such as a ceramic
carrier that has either or both surface interconnections or
buried interconnections). In any case the chip 1s then inte-
grated with other chips, discrete circuit elements, and/or
other signal processing devices as part of either (a) an
intermediate product, such as a motherboard, or (b) an end
product. The end product can be any product that includes IC
chips, ranging from toys and other low-end applications to
advanced computer products having a display, a keyboard or
other mput device, and a central processor.

Various embodiments of the present invention are
described herein with reference to the related drawings.
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Alternative embodiments can be devised without departing,
from the scope of this invention. Although various connec-
tions and positional relationships (e.g., over, below, adja-
cent, etc.) are set forth between elements i1n the detailed
description and in the drawings, persons skilled 1n the art
will recognize that many of the positional relationships
described herein are orientation-independent when the
described functionality 1s maintained even though the ori-
entation 1s changed. These connections and/or positional
relationships, unless specified otherwise, can be direct or
indirect, and the present invention i1s not intended to be
limiting 1n this respect. Similarly, the term “coupled” and
variations thereof describes having a communications path
between two elements and does not imply a direct connec-
tion between the elements with no intervening elements/
connections between them. All of these variations are con-
sidered a part of the specification. Accordingly, a coupling of
entities can refer to either a direct or an indirect coupling,
and a positional relationship between entities can be a direct
or indirect positional relationship. As an example of an
indirect positional relationship, references in the present
description to forming layer “A” over layer “B” include
situations 1 which one or more mtermediate layers (e.g.,
layer “C”) 1s between layer “A” and layer “B” as long as the
relevant characteristics and functionalities of layer “A” and
layer “B” are not substantially changed by the intermediate
layer(s).

The following defimitions and abbreviations are to be used
for the iterpretation of the claims and the specification. As
used herein, the terms “comprises,” “comprising,”
“includes,” “including,” *“has,” “having,” “contains” or
“containing,” or any other varnation thereof, are imntended to
cover a non-exclusive inclusion. For example, a composi-
tion, a mixture, process, method, article, or apparatus that
comprises a list of elements 1s not necessarily limited to only
those elements but can include other elements not expressly
listed or inherent to such composition, mixture, process,
method, article, or apparatus.

Additionally, the term “exemplary” 1s used herein to mean
“serving as an example, instance or illustration.” Any
embodiment or design described herein as “exemplary™ 1s
not necessarily to be construed as pretferred or advantageous
over other embodiments or designs. The terms “at least one”
and “one or more” are understood to include any integer
number greater than or equal to one, 1.€. one, two, three,
four, etc. The terms *““a plurality” are understood to 1nclude
any nteger number greater than or equal to two, 1.e. two,
three, four, five, etc. The term “connection” can include an
indirect “connection” and a direct “connection.”

References 1n the specification to “one embodiment,” “an
embodiment,” “an example embodiment,” etc., indicate that
the embodiment described can include a particular feature,
structure, or characteristic, but every embodiment may or
may not include the particular feature, structure, or charac-
teristic. Moreover, such phrases are not necessarily referring,
to the same embodiment. Further, when a particular feature,
structure, or characteristic 1s described in connection with an
embodiment, 1t 1s submitted that 1t 1s within the knowledge
of one skilled in the art to afect such feature, structure, or
characteristic 1 connection with other embodiments
whether or not explicitly described.

For purposes of the description hereinafter, the terms
“upper,” “lower,” “right,” “left,” “vertical,” *“horizontal,”
“top,” “bottom,” and derivatives thereof shall relate to the
described structures and methods, as oriented in the drawing
figures. The terms “overlying,” “atop,” “on top,” “positioned
on” or “positioned atop” mean that a first element, such as
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a first structure, 1s present on a second element, such as a
second structure, wherein intervening elements such as an
interface structure can be present between the first element
and the second element. The term “direct contact” means
that a first element, such as a first structure, and a second
element, such as a second structure, are connected without
any intermediary conducting, insulating or semiconductor
layers at the interface of the two elements.

Spatially relative terms, e.g., “beneath,” “below,”
“lower,” “above,” “upper,” and the like, can be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are mtended to encompass different orientations of the
device 1n use or operation in addition to the orientation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the term
“below” can encompass both an orientation of above and
below. The device can be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terms “about,” “substantially,” “approximately,”
“slightly less than,” and vanations thereof, are intended to
include the degree of error associated with measurement of
the particular quantity based upon the equipment available at
the time of filing the application. For example, “about™ can
include a range of 8% or 5%, or 2% of a given value.

The phrase “selective to,” such as, for example, “a first
element selective to a second element,” means that the first
clement can be etched and the second element can act as an
etch stop.

The term “conformal” (e.g., a conformal layer) means that
the thickness of the layer 1s substantially the same on all
surfaces, or that the thickness variation 1s less than 15% of
the nominal thickness of the layer.

As previously noted herein, for the sake of brevity,
conventional techmques related to semiconductor device
and IC fabrication may or may not be described 1n detail
herein. By way of background, however, a more general
description of the semiconductor device fabrication pro-
cesses that can be utilized in 1mplementing one or more
embodiments of the present invention will now be provided.
Although specific fabrication operations used 1n implement-
ing one or more embodiments of the present invention can
be individually known, the described combination of opera-
tions and/or resulting structures of the present invention are
unique. Thus, the unique combination of the operations
described 1n connection with the fabrication of a semicon-
ductor device according to the present immvention utilize a
variety of individually known physical and chemical pro-
cesses performed on a semiconductor (e.g., silicon) sub-
strate, some of which are described in the immediately
following paragraphs.

In general, the various processes used to form a micro-
chip that will be packaged into an IC fall into four general
categories, namely, film deposition, removal/etching, semi-
conductor doping and patterning/lithography. Deposition 1s
any process that grows, coats, or otherwise transiers a
material onto the waler. Available technologies include
physical vapor deposition (PVD), chemical vapor deposition
(CVD), electrochemical deposition (ECD), molecular beam
epitaxy (MBE) and more recently, atomic layer deposition
(ALD) among others. Removal/etching 1s any process that
removes material from the water. Examples include etch
processes (either wet or dry), chemical-mechanical pla-
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narization (CMP), and the like. Reactive 1on etching (RIE),
for example, 1s a type of dry etching that uses chemically
reactive plasma to remove a material, such as a masked
pattern of semiconductor material, by exposing the material
to a bombardment of 1ons that dislodge portions of the
material from the exposed surface. The plasma 1s typically
generated under low pressure (vacuum) by an electromag-
netic field. Semiconductor doping 1s the modification of
clectrical properties by doping, for example, transistor
sources and drains, generally by diffusion and/or by ion
implantation. These doping processes are followed by fur-
nace annealing or by rapid thermal annealing (RTA).
Annealing serves to activate the implanted dopants. Films of
both conductors (e.g., poly-silicon, aluminum, copper, etc.)
and 1nsulators (e.g., various forms of silicon dioxide, silicon
nitride, etc.) are used to connect and 1solate transistors and
their components. Selective doping of various regions of the
semiconductor substrate allows the conductivity of the sub-
strate to be changed with the application of voltage. By
creating structures of these various components, millions of
transistors can be built and wired together to form the
complex circuitry of a modern microelectronic device.
Semiconductor lithography is the formation of three-dimen-
sional relief 1mages or patterns on the semiconductor sub-
strate for subsequent transfer of the pattern to the substrate.
In semiconductor lithography, the patterns are formed by a
light sensitive polymer called a photo-resist. To build the
complex structures that make up a transistor and the many
wires that connect the millions of transistors of a circuit,
lithography and etch pattern transier steps are repeated
multiple times. Each pattern being printed on the water 1s
aligned to the previously formed patterns and slowly the
conductors, insulators and selectively doped regions are
built up to form the final device.

The tflowchart and block diagrams in the Figures illustrate
possible 1implementations of fabrication and/or operation
methods according to various embodiments of the present
invention. Various functions/operations of the method are
represented 1n the flow diagram by blocks. In some alter-
native implementations, the functions noted in the blocks
can occur out of the order noted 1n the Figures. For example,
two blocks shown 1n succession can, in fact, be executed
substantially concurrently, or the blocks can sometimes be
executed 1n the reverse order, depending upon the function-
ality mvolved.

The descriptions of the various embodiments of the
present 1nvention have been presented for purposes of
illustration, but are not intended to be exhaustive or limited
to the embodiments described. Many modifications and
variations will be apparent to those of ordinary skill 1n the
art without departing from the scope and spinit of the
described embodiments. The terminology used herein was
chosen to best explain the principles of the embodiments, the
practical application or technical improvement over tech-
nologies found in the marketplace, or to enable others of
ordinary skill in the art to understand the embodiments
described herein.

What 1s claimed 1s:

1. A method of forming an interconnect structure 1n a
metallization layer of a multi-layered integrated circuit, the
method comprising:

forming a dielectric region having a dielectric region top

surface, wherein the dielectric region top surface 1s
substantially planar;

forming a first interconnect structure in the dielectric

region, wherein the first interconnect structure com-
prises a first interconnect structure top surface, wherein
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the first interconnect structure top surface comprises an
unintended non-planar region; and

applying a reinforced planarization process comprising:

recessing the first interconnect structure top surface to
a level that 1s below the dielectric region top surtace
and the unintended non-planar region, thereby
removing the umntended non-planar region and
forming a second interconnect structure having a
second 1nterconnect structure top surface, wherein
the second interconnect structure top surface 1s sub-
stantially planar;

forming a protective cap on the second interconnect
structure top surface, wherein the protective cap has
a protective cap top surface, wherein the protective
cap top surface 1s substantially planar;

depositing a sacrificial dielectric region over the pro-
tective cap; and

applying a selective planarization process that pla-
narizes and recesses the dielectric region top surface
and the sacrificial dielectric region faster than 1t
planarizes and recesses the protective cap;

wherein the protective cap acts as a planarization stop
layer to the selective planarization process when the
selective planarization process reaches the protective
cap top suriace.

2. The method of claim 1, wherein forming the first
interconnect structure comprises forming an interconnect
trench 1n the dielectric region.

3. The method of claim 2, wherein:

forming the first interconnect structure further comprises

forming a first interconnect body region 1n and above
the interconnect trench; and

an overburden of the first interconnect body region com-

prises a portion of the first iterconnect body region
that 1s above the interconnect trench.

4. The method of claim 3, wherein forming the first
interconnect structure further comprises removing the over-
burden of the first interconnect body.

5. The method of claim 4, wherein removing the over-
burden of the first interconnect body comprises applying a
planarization process to the overburden of the first intercon-
nect body.

6. The method of claim S, wherein applying the planariza-
tion process results 1n the first interconnect structure com-
prising the first interconnect structure top surface compris-
ing the unintended non-planar region.

7. The method of claim 1, wherein forming the protective
cap on the second interconnect structure top surface com-
prises depositing a layer of protective cap matenal over the
recessed first interconnect structure top surface and the
dielectric region top surface.

8. The method of claim 7, wherein forming the protective
cap further comprises depositing the sacrificial dielectric
region over the layer of protective cap material.

9. The method of claim 8, wherein forming the protective
cap further comprises:

removing a first portion of the sacrificial dielectric region

by applying a first planarization process to the first
portion of the sacrificial dielectric region;
removing a portion of the layer of protective cap material
from over the dielectric region top surface; and

removing a second portion of the sacrificial dielectric
region by applying a second planarization process to
the second portion of the sacrificial dielectric region,
wherein the selective planarization process comprises
the second planarization process.
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10. The method of claim 9, wherein:

the first planarization process comprises a first chemical
mechanical planarization (CMP) and a first CMP slurry
that 1s selective to the sacrificial dielectric region over
the layer of protective cap material; and

the second planarization process comprises a second CMP
and a second CMP slurry that 1s selective to the
sacrificial dielectric region over the layer of protective
cap material.

11. The method of claim 10, wherein:

the sacrificial dielectric region comprises and oxide; and

the layer of protective cap material comprises a nitride.

12. The method of claim 11, wherein the nitride comprises

a nitride dielectric.

13. The method of claim 11, wherein the nitride comprises

a metal nitride.

14. A method of forming an interconnect structure 1n a

metallization layer of a multi-layered integrated circuit, the
method comprising:

forming a dielectric region having a dielectric region top
surface, wherein the dielectric top surface 1s substan-
tially planar;
forming a first interconnect structure in the dielectric
region, wherein the first interconnect structure com-
prises a flirst lmner and a first interconnect body-,
wherein the first mterconnect body comprises a first
interconnect body top surface, wherein the first inter-
connect body top surface comprises an unintended
non-planar region; and
applying a reinforced planarization process comprising:
recessing the first interconnect body top surface to a
level that 1s below the dielectric region top surface
and the unintended non-planar region, thereby
removing the umintended non-planar region and
forming a second interconnect body having a second
interconnect body top surface, wherein the second
interconnect body top surface 1s substantially planar;
forming a protective cap on the second interconnect
body top surface, wherein the protective cap has a
protective cap top surface, wherein the protective

cap top surface 1s substantially planar;
depositing a sacrificial dielectric region over the pro-
tective cap; and
applying a selective planarization process that pla-
narizes and recesses the dielectric region top surface,
a top surface of the first liner, and the sacnficial
dielectric region faster than it planarizes and recesses
the protective cap;
wherein the protective cap acts as a planarization stop
layer to the selective planarization process when the
selective planarization process reaches the protective
cap top surface.
15. The method of claim 14, wherein:
forming the first interconnect structure comprises forming,
an interconnect trench 1n the dielectric region;
forming the first interconnect structure further comprises
forming the first liner in the interconnect trench and
forming the first interconnect body 1n and above the
interconnect trench;
an overburden of the first interconnect body comprises a
portion of the first interconnect body that 1s above the
interconnect trench;
forming the first interconnect structure further comprises
removing a portion of the liner and the overburden of
the first mterconnect body;
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removing the overburden of the first interconnect body
comprises applying a planarization process to the over-
burden of the first interconnect body; and
applying the planarization process results in the first
interconnect body comprising the first interconnect
body top surface comprising the unintended non-planar
region.
16. The method of claim 14, wherein:
forming the protective cap on the second interconnect
body top surface comprises depositing a layer of pro-
tective cap material over the recessed first interconnect
body top surface and the dielectric region top surtace;
forming the protective cap further comprises depositing
the sacrificial dielectric region over the layer of pro-
tective cap material;
forming the protective cap further comprises:
removing a first portion of the sacrificial dielectric
region by applying a first planarization process to the
first portion of the sacrificial dielectric region;
removing a portion of the layer of protective cap
material from over the dielectric region top surface;
and
removing a second portion of the sacrificial dielectric
region by applying a second planarization process to
the second portion of the sacrificial dielectric region,
wherein the selective planarization process com-
prises the second planarization process;
the first planarization process comprises a first chemical
mechanical planarization (CMP) and a first CMP slurry
that 1s selective to the sacrificial dielectric region over
the layer of protective cap matenial; and
the second planarization process comprises a second CMP
and a second CMP slurry that 1s selective to the
sacrificial dielectric region over the layer of protective
cap maternal;
the sacrificial dielectric region comprises and oxide; and
the layer of protective cap material comprises a nitride.
17. The method of claim 16, wherein the nitride comprises

a nitride dielectric.

18. The method of claim 16, wherein the nitride comprises

a metal nitride.

19. A metallization layer of a multi-layered integrated

circuit, the metallization layer comprising:

a dielectric region having a dielectric region top surface,
wherein the dielectric top surface 1s substantially pla-
nar, wherein the dielectric region comprises a dielectric
region planarization selectivity characteristic compris-
ing a first selectivity to a selective planarization process
used to planarize the dielectric top surface;

an mterconnect structure in the dielectric region, wherein
the interconnect structure comprises an interconnect
structure top surtace, wherein the interconnect structure
top surface 1s substantially planar; and

a protective cap and planarization-stop (PCPS) region on
the interconnect structure top surface, wherein the
PCPS region has a PCPS region top surface, wherein
the PCPS region top surface 1s substantially planar,
wherein the PCPS region comprises a PCPS region
planarization selectivity characteristic comprising a
second selectivity to the selective planarization process
used to planarize the dielectric top surface;

wherein the first selectivity 1s greater than the second
selectivity; and

wherein the dielectric region top surface 1s substantially
planar with the protective cap top surface.
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20. The metallization layer of claim 19 further compris-
ng:

a cap layer on the dielectric top surface and the PCPS
region;

a top dielectric region on the cap layer; and 5

a conductive contact formed in the top dielectric region
and communicatively coupled to the interconnect struc-
ture.

20



	Front Page
	Drawings
	Specification
	Claims

